Introduction {#Sec1}
============

An unknown outbreak of pneumonia occurred in Wuhan in December 2019 and rapidly spread all over China and, now, the whole world. This virus has some uncommon extrapulmonary symptoms in patients, like anorexia, diarrhea, and vomiting, not necessarily with respiratory symptoms (Pan et al. [@CR7]), leading to its naming of SARS-CoV-2, with the disease being termed COVID-19. It is spread from person to person in the community. However, there is no drug on the market with definite curing effects, so the main strategy is focused on symptomatic support. Some patients showed lower ability to respond to treatment after hospitalization and developed severe pneumonia, pulmonary edema, acute respiratory distress syndrome (ARDS), or multiple organ failure (Mo et al. [@CR6]).

The first cases of the COVID-19 disease were directly linked to exposure to the Huanan Seafood Wholesale Market of Wuhan, so the animal-to-human route of transmission was presumed as the main mechanism. Transmission of the aerosol is also possible in protracted exposure. The pathophysiology of these viruses is that they are enveloped, positive-stranded RNA viruses with nucleocapsids, with an approximate length of 30 kb, making them the largest known RNA viruses. In the host, firstly, the synthesis of polyprotein 1a/1ab (pp1a/pp1ab) takes place from the viral RNA. The clinical variety of COVID-19 varies from asymptomatic or paucisymptomatic forms to respiratory failure to multiorgan and systemic manifestations in terms of sepsis, septic shock, and multiple organ dysfunction syndrome (MODS). The symptoms in the early stages of infection were non-specific, and differential diagnosis may include a variety of infectious and non-infectious etiologies (Cascella et al. [@CR1]).

Plasma albumin concentration helps in the determination of hepatocellular damage because of its synthesis in the liver and it has a half-life of 17 days. The normal serum level of albumin is 35--52 g/L. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are the most important clinical aminotransferases, and the liver is a rich source. Therefore, following any damage in liver cells, these enzymes fuse into the bloodstream and increase their concentration in serum. The normal serum level of AST is 6--25 IU/L and that for ALT is 3--30 IU/L (Kaplan et al. [@CR3]).

Some studies have noted that, in coronavirus, multiorgan failure occurs with extrapulmonary symptoms like diarrhea, anorexia, vomiting, etc. (Cascella et al. [@CR1]; Sun et al. [@CR8]). However, there has been no attempt at a systematic review for this major health issue. In an effort to address this gap in knowledge, this study undertook a meta-analysis to quantify the overall risk of liver damage in COVID-19 patients and also find the overall variation in risk outcome.

Materials and methods {#Sec2}
=====================

Selection of test parameters {#Sec3}
----------------------------

In the liver profile, there is a list of tests available for the determination of liver function. ALT, AST, and albumin are routinely used to test the liver profile for the determination of liver function. These are simple to perform. There are some studies in China that showed that these levels are significantly altered in COVID-19 patients (Liu et al. [@CR4], [@CR5]; Mo et al. [@CR6]; Pan et al. [@CR7]). Among these studies, some relevant studies, which were freely accessible and conducted in China among COVID-19 patients, were taken into account. They are presented in Figs. [2a](#Fig2){ref-type="fig"}, [3a](#Fig3){ref-type="fig"}, and [4a](#Fig4){ref-type="fig"}, with their separate and combined risk, analyzed by a random-effects model.

Literature search {#Sec4}
-----------------

A literature exploration was conducted using the PubMed database for locating and accessing articles related to the forms of COVID-19 associated with liver injury. The keywords used for the search were 'COVID-19', 'liver profile', and 'China'. Only full-length published articles and written in either English or Chinese were considered for this study. The references listed in these articles were also accessed for additional support.

Inclusion and exclusion criteria {#Sec5}
--------------------------------

Studies were considered for the meta-analysis if they pertained to associations between COVID-19 and liver profile, and the estimated liver profile was included in the meta-analysis. The following selection criteria were also applied to studies: (1) the study must have a cross-sectional or case series design and (2) the study must have a reported average estimate and their corresponding 95% confidence intervals (CIs) of the albumin, AST, and ALT levels. A flow chart of the study selection process, along with numbers selected and excluded at different levels, is shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Flow chart of the study selection process

Data extraction {#Sec6}
---------------

The epidemiological guidelines of observational studies for meta-analyses were followed (Jussawalla and Deshpande [@CR2]). From each study, the following information was extracted: (1) first author's last name, (2) year of publication, (3) number of patients, and (4) average (mean) and corresponding 95% CIs for albumin, AST, and ALT levels separately (Table [1](#Tab1){ref-type="table"}.Table 1Study characteristicsReferencePublication yearPlaceSample sizeMeanMo et al. ([@CR6])2020Wuhan85Albumin = 36.00 g/LAST = 37.00 IU/LALT = 28.00 IU/LLiu et al. ([@CR5])2020Wuhan78Albumin = 40.47 g/LAST = 20.50 IU/LALT = 18.10 IU/LLiu et al. ([@CR4])2020Wuhan30Albumin = 42.00 g/LAST = 20.00 IU/LALT = 18.00 IU/LPan et al. ([@CR7])2019Wuhan204Albumin = 36.10 g/LAST = 35.60 IU/LALT = 35.80 IU/L

Statistical analysis {#Sec7}
--------------------

Separate contingency tables were developed for albumin, AST, and ALT. The overall mean (combined for all existing cross-sectional and case series studies) and its 95% CI was calculated by using the random-effects model for albumin, AST, and ALT because the data used in the meta-analysis were supposed to be a random selection from all possible studies. The studies are hospital-based cross-sectional and case series types and were carried out in China. A forest plot and funnel plot were prepared using STATA 16 statistical software to describe individual studies and the pooled mean. Heterogeneity between studies was indicated by the I^2^ value. I^2^ statistics of less than 50% were considered as low and indicating a greater degree of similarity between studies. Statistical significance was fixed at a *p*-value less than 5% because meta-analysis is a type of observational study; errors can occur in the methodology of study inclusion and analysis, resulting in incorrect results. The funnel graph can be used to evaluate the bias of the study, as shown in Figs. [2](#Fig2){ref-type="fig"}b, [3](#Fig3){ref-type="fig"}b, and [4](#Fig4){ref-type="fig"}b).Fig. 2**a** Forest plot of random-effects meta-analysis for albumin. **b** Funnel plot with pseudo 95% confidence interval for albuminFig. 3**a** Forest plot of random-effects meta-analysis for aspartate aminotransferase (AST). **b** Funnel plot with pseudo 95% confidence interval for ASTFig. 4**a** Forest plot of random-effects meta-analysis for alanine aminotransferase (ALT). **b** Funnel plot with pseudo 95% confidence interval for ALT

Results {#Sec8}
=======

Four articles that met the eligibility criteria for this study and investigated the association of COVID-19 infection with albumin, AST, and ALT levels were included in this study (Liu et al. [@CR4], [@CR5]; Mo et al. [@CR6]; Pan et al. [@CR7]). Table [2](#Tab2){ref-type="table"} summarizes the results of our study in the form of pooled mean, lower limit, upper limit, I^2^, and *p*-value of albumin, AST, and ALT associated with COVID-19. The pooled means for albumin, AST, and ALT in COVID-19 patients were 38.84 g/L (95% CI: 35.83--41.86), 27.28 IU/L (95% CI: 18.30--36.26), and 24.44 IU/L (95% CI: 15.73--33.15), respectively. There was a high degree of divergence among the studies, with the index of heterogeneity being more than 90% (Table [2](#Tab2){ref-type="table"}).Table 2Number of studies for different measures of the liver profile, with pooled mean, 95% confidence interval (CI), and measure of heterogeneity (I^2^)Liver profileNumber of studiesMean95% CII^2^*p*-ValueLower limitUpper limitAlbumin438.8435.8341.8695.00\< 0.001Aspartate aminotransferase (AST)427.2818.3036.2687.31\< 0.001Alanine aminotransferase (ALT)424.4415.7333.1590.96\< 0.001

Albumin {#Sec9}
-------

All four studies dealing with albumin reported that its association with COVID-19 was statistically significant. The pooled mean for all four studies was 38.84 g/L (95% CI: 35.83--41.86), with I^2^ = 95.00%, as shown in Fig. [2](#Fig2){ref-type="fig"}a. Most studies were located outside of the funnel in the plot, which means that the research publication bias, calculated with the Egger test, was large, as shown in Fig. [2](#Fig2){ref-type="fig"}b.

AST {#Sec10}
---

All four studies dealing with AST reported that its association with COVID -19 was statistically significant. The pooled mean for all four studies was 27.28 IU/L (95% CI: 18.30--36.25), with I^2^ = 87.31%, as shown in Fig. [3](#Fig3){ref-type="fig"}a. Studies were located in the funnel and spread out, which means that the research publication bias was large, as shown in Fig. [3](#Fig3){ref-type="fig"}b.

ALT {#Sec11}
---

All four studies dealing with ALT reported that its association with COVID-19 was statistically significant. The pooled mean for all four studies was 24.44 IU/L (95% CI: 15.73--33.15), with I^2^ = 90.96%, as shown in Fig. [4](#Fig4){ref-type="fig"}a. Most studies were located inside the funnel and spread out, which means that the research publication bias was large, as shown in Fig. [4](#Fig4){ref-type="fig"}b.

Discussion {#Sec12}
==========

An unknown outbreak of pneumonia occurred in Wuhan with some uncommon extrapulmonary symptoms in patients, like anorexia, diarrhea, and vomiting, not necessarily with respiratory symptoms, was caused by SARS-CoV-2, with the disease being termed COVID-19. It is spread from person to person in the community. Some patients showed lower ability to respond to treatment after hospitalization and developed severe pneumonia, pulmonary edema, ARDS, or multiple organ failure (Mo et al. [@CR6]; Pan et al. [@CR7]). The clinical variety of COVID-19 varies from asymptomatic or paucisymptomatic forms to respiratory failure to multiorgan and systemic manifestations in terms of sepsis, septic shock, and MODS. The symptoms in the early stages of infection were non-specific, and differential diagnosis may include a variety of infectious and non-infectious etiologies (Cascella et al. [@CR1]).

This study used a random-effects model, with the assumption that each of the included investigations used randomly selected samples for analysis. The high heterogeneity of each variable type observed in the studies was due to the different periods in which the studies were carried out and the diversity of locations, cultures, and economic status. The cause of liver damage in COVID-19 was due to SARS-CoV-2 being similar to SARS-CoV and could invade the human body by binding to the human angiotensin-converting enzyme 2 (ACE-2) receptor, which causes liver tissue injury by upregulation of ACE-2 expression in liver tissue (Pan et al. [@CR7]).

Our meta-analysis study observed that the pooled mean of albumin in COVID-19 patients was lower than the normal range, which is due to a defect in its synthesis. The AST pooled mean value was reported to be higher in COVID-19 patients, which is due to damage in hepatic tissue storage. A study suggests that, as the disease progresses, patients encounter secondary infection, which further causes abnormal liver function, due to (1) viral infection directly causing damage to liver cells and (2) drug-related liver damage (Liu et al. [@CR4]).

In this study, the ALT pooled mean was reported to be within the normal range. However, the AST pooled mean was not. Moreover, the albumin pooled mean was estimated as 38.84 mg/L, which is statistically significant. Another study supported and found that albumin was significantly decreased in COVID-19 patients, whereas ALT and AST levels were in the normal range (Liu et al. [@CR5]). Compared with general patients, one study observed that COVID-19 patients had a higher level of AST and a lower level of albumin (Mo et al. [@CR6]). Another study in China did not find any abnormalities in the liver test among COVID-19 patients (Pan et al. [@CR7]).

Conclusion {#Sec13}
==========

This study has reported the pooled means for different parameters of a liver profile, which are routinely estimated to evaluate liver damage in COVID-19 patients. The pooled mean reported in this study will be useful for working out the degree of liver damage. The alanine aminotransferase (ALT) and albumin pooled means were reported to be within the normal range; however, the serum level of aspartate aminotransferase (AST) (pooled mean) was found to be high in COVID-19 patients. Also, it can be concluded from the pooled means that COVID-19 caused small alterations in liver function but not necessarily liver failure itself.
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